Selective complexation, followed by solvent extraction for the separation, enrichment and determination of uranium, has remained of analytical interest for a number of years. Liquid chromatography for the determination of uranium has proved to be valuable since the advent of micro-particle stationary phases. High-performance liquid chromatography (HPLC) with postcolumn and precolumn derivatization has been effectively used for the determination of uranium. For postcolumn derivatization, the commonly complexing reagents used are Arsenazo III and 4-(2′-pyridyl)resorcinol.
Experimental
The reagents dl-H2SA2S and meso-H2SA2S and their copper(II), nickel(II) and dioxouranium(VI) complexes were prepared as reported. 24, 28 Dioxouranium complexes of the reagents bis-(salicylaldehyde)ethylenediimine (H2SA2en), bis-(salicylaldehyde)propylenediimine (H2SA2Pn) and bis-(salicylaldehyde)tetramethylethylenediimine (H2SA2Ten) were prepared by the reported procedures.
12,14

Solvent extraction
An aliquot of a solution (1 -10 ml) containing (0 -200 µg) uranium or (0 -200 µg each) copper, nickel, iron and uranium was transferred to a well-stoppered test tube (Quickfit). To it was added 3 -4 mg of ascorbic acid and 2 ml (1% w/v in ethanol) of dl-H2SA2S or meso-H2SA2S. The mixture was warmed for 10 min on a water bath. To the cooled contents was added 2 ml of chloroform. The layers were mixed well and allowed to separate. An extract (1 ml) was transferred to a sample vial. The solvent was removed and the complexes were re-dissolved in 1 ml of methanol. The solution (1 -5 µl) was injected on a Hypersil ODS, a 3-µm column (150 × 4.6 mm i.d.); the complexes were eluted with a ternary mixture of Dioxouranium together with copper(II), nickel(II) and iron(II) were extracted in chloroform as complexes of bis(salicylaldehyde)-dl-stilbenediimine (dl-H2SA2S) or bis(salicylaldehyde)-meso-stilbenediimine (meso-H2SA2S), and separated by liquid chromatography with UV detection. The linear calibration range and detection limits were 40 -200 ng and 10 ng/injection for each metal ion. The method was applied to the determination of uranium from mineral ore samples at concentrations of 30 -700 µg/g with coefficients of variation from 3.6 to 5.5%. The relative elution of dioxouranium complexes of different Schiff bases was examined from reversed-phase HPLC; the substitution of methyl and phenyl groups at the bridge position enhanced the column retention of uranyl complexes. 
Analyses of mineral ore samples
Mineral ore samples (Nos. 8046, 9670, 7943, 8732, 7895, 7865, 7529, 7568 (0.2 -1.0 g)) were transferred to beakers, to which hydrochloric acid (6 ml, 37%) and nitric acid (20 ml, 65%) were added. The contents were heated gently on a hot plate, and when most of the acid had evaporated, nitric acid (20 ml, 65%) was added. The contents were again heated to near dryness, and the residue was dissolved in nitric acid (0.1 N). The solution was filtered and volume was adjusted to 25 ml. The 10 ml solution from samples Nos. 8046, 9670, and 7895 and 5 ml portions from samples Nos. 7832, 7943, 7865, 7529 or 7568 were transferred to well-stoppered test tubes, the pH of solutions was adjusted to 5 -6, and the above procedure was followed. The amounts of metal ions in the samples were evaluated from standard calibration curves.
Mineral ore samples (Sandstone House Reference Standard) were obtained from Atomic Energy Minerals Centre Lahore, and uranyl nitrate (BDH Chemical Ltd.) was used to prepare a uranium standard solution (1 mg/ml).
HPLC studies were carried out on a Hitachi 655A Liquid Chromatograph connected to a variable-wavelength UV monitor, a Rheodyne 7125 injector and a Hitachi Chromatointegrator (D-2500).
A column (150 × 4.6 mm i.d.) of Hypersil ODS (3 µm) (Shandon, USA) was used throughout the study; spectrophotometric studies were carried out using a Hitachi 220 spectrophotometer. A Varian Spectr AA-20 atomic absorption unit with an air-acetylene nebulizer and a standard burner head was used. The copper, iron and nickel were determined at 324.7 nm, 248.3 nm and 232.0 nm, respectively. The analyses were carried out in triplicate with a delay time of 3 s. and an integration time of 3 s with background correction off.
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Results and Discussion
The reverse-phase HPLC mode was used for ease in the separation and clearer determination of metal complexes. When a uranyl complex of dl-H2SA2S was injected on a Hypersil ODS, 3 µm column, it eluted with methanol:acetonitrile:water (50:25:25 v/v/v) at a flow rate of 1.0 ml/min. Detection was at 260 nm. It gave a sharp and symmetrical peak, which completely separated from excess of the reagent (Rs = 1.52). Iron(II), nickel(II), and copper(II) or iron(II), nickel(II), copper(II), platinum(II) and oxovanadium(IV) complexes of dl-H2SA2S, when present together with uranyl complex, separated completely ( Figs. 2 and 3 ). Iron(II), nickel(II), platinum(II) and oxovanadium(IV) gave symmetrical peaks, though a somewhat broader peak was observed for copper(II). However, Rs between adjacent peaks was > 1.5. The capacity factor (k′) for reagent, 0.44, increased to 3.82 for copper(II) (Fig. 2) . Similarly, dioxouranium(VI), iron(II) and copper(II) or dioxouranium(IV), iron(II), copper(II) platinum(II) and oxovanadium(IV) complexes of meso-H2SA2S separated from the same column (Figs. 4 and 5) .
The reagents dl-H2SA2S and meso-H2SA2S differ according to the geometrical arrangements of the phenyl groups at the bridge position, in dl-H2SA2S they are present at the diaxial position and in meso-H2SA2S they are at the axial equitorial position. 26 The separation of geometrical isomers and their uranyl complexes was attempted. The uranyl complexes of dl-H2SA2S and meso-H2SA2S separated completely, but only a partial separation between the complexing reagents was observed, when eluted with methanol:acetonitrile:water (50:18:32 v/v/v) at a flow of rate of 0.5 ml/min (Fig. 6) . The reagent dl-H2SA2S and its uranyl complex eluted before the corresponding reagent meso-H2SA2S and its uranyl complex.
The effects of methyl and phenyl group substitutions at the carbon-carbon bridge positions in H2SA2en on the relative elution and separation of dioxouranium complexes of H2SA2en, H2SA2pn, H2SA2Ten, dl-H2SA2S and meso-H2SA2S were examined. An optimal separation was achieved with a ternary mixture of methanol:acetonitrile:water (50:20:30 v/v/v) at a flow rate of 0.5 ml/min and UV detection at 260 nm (Fig. 7) . The five pure uranyl complexes showed interesting results, with first elution of the ligand H2SA2en followed by the ligands H2SA2Pn, H2SA2Ten, dl-H2SA2S and meso-H2SA2S in sequence.
The results indicate that a uranyl complex derived from an unsubstituted ligand at the ethylene bridge ( Fig. 1) elutes first, followed by ligands substituted by a methyl group, four methyl groups and phenyl groups. This leads us to suggest that the substitution of methyl and phenyl groups at the ethylene bridge enhances the column retention of uranyl complexes when using a reverse-phase ODS column.
The reagents dl-H2SA2S and meso-H2SA2S react with dioxouranium(VI) to form highly stable colored complexes, that are extractable in chloroform, ethyl acetate or methyl isobutyl ketone (MIBK).
The effect of the pH indicates that dioxouranium(VI) could be extracted in chloroform (pH 3 to 9) with the maximum at 6. Copper(II) and nickel(II) with dl-H2SA2S and copper(II) with meso-H2SA2S could be extracted at pH 3 -9 with the maximum at 7 to 8. The extraction of iron(II) was observed at pH 2.5 to 7. Above pH 6, iron(II) started to precipitate as iron oxide, and retarted the extraction of metals. Therefore, for the simultaneous extraction the metals, pH 6 was selected. Sodium acetate acetic acid buffer pH 6 provided satisfactory cover.
The quantitation was made by measuring the average peak height (n = 3). Calibration curves were prepared with 0 -100 µg/ml of each metal ion. Coefficients of correlation (r) for uranium, iron, nickel and copper with dl-H2SA2S were at 0.994, 0.998, 0.992 and 0.999, respectively. Similarly, r for uranium iron and copper with meso-H2SA2S was obtained as 0.998, 0.985 and 0.992, respectively. The detection limits were measured three times, the background noise and were observed 2 µg/ml of each metal ion in the final extract with 5 µl/injection (0.04 AUFS attenuation 4), corresponding to 10 ng/injection. To determine the lower limit of detection for an iron and uranium solution.
We carried out a solvent-extraction procedure using dl-H2SA2S as the complexing reagent. The total chloroform extract (2 ml) was evaporated and the residue was dissolved in methanol (0.2 ml). The solution (5 µl) was injected to give a signal-to-noise ratio of 3:1. Based on preconcentration of 50, the lower limits of detection were calculated at 3 ng/ml iron and 5 ng/ml uranium in the original solution. Analyses of test solutions for uranium were carried out, and the amounts were evaluated from calibration curves. The relative error was found to be within ±0.2 -4.2%. The effects of cobalt(II), aluminum(III), chromium(III), manganese(II) and zinc(II) on the extraction of uranium were examined at a concentration similar to that of uranium.
The average peak heights (n = 3) were measured and compared with those of the standard extract. The cobalt eluted before the reagent, and did not affect the determination of uranium. Aluminum(III) retarded the extraction of uranium and, aluminum(III) was masked with ammonium fluoride (1 ml, 1% w/v) and did not interfere. Chromium(III), manganese(II) and zinc(II) at ten-times the concentration of uranyl also retarded the extraction of uranium. The methods were applied to the determination of uranium in mineral ore samples. The samples contained uranium(VI) oxide U3O8, which required acid digestion. It also converted uranium oxide to uranyl nitrate. Samples Nos. 8046, 9670, 7943 and 8732 were analyzed using dl-H2SA2S as a complexing reagent. The amounts of uranium found were within the range of 30 -565 µg/g with the coefficient of variation (C.V.) within 3.6 -5.1% (Fig. 8) .
The reagent meso-H2SA2S was used for the determination of uranium in samples 7898, 7865, 7529, and 7568. The uranium was found in the range of 49.0 to 700.8 µg/g with C.V. 4.3 -5.5%. The results given in the Table 1 indicate that the results were 5.3 to 8.2% lower than the expected values, perhaps due to the low dissolved efficiency of uranium oxide in a nitric acid hydrochloric acid mixture from sandstone as had been observed previously. 11 Samples also contained iron, nickel and copper, which were simultaneously extracted with uranium, dl-H2SA2S was therefore used for the simultaneous determination of iron, copper and nickel. The results in Table 2 indicate iron within 154 -235 µg/g, copper within 27 -38 µg/g and nickel within 18 -22 µg/g with coefficient of variation (C.V.) within 3.8 -6.3%. The results obtained using HPLC were compared with those obtained using atomic absorption spectrometer. The relative % derivations for copper and nickel were slightly on the higher side, perhaps because the calculations were based on the average peak heights of weak signals (Fig. 8) . However, consistent and reproducible HPLC responses were obtained; meso-H2SA2S also simultaneously extracted, iron, copper and nickel, but nickel eluted together with copper and affected the determination of copper and nickel. However, it did not affect the determination of iron and was determined in mineral ore samples. The results of HPLC given here also indicate a reasonable correlations with FAAS.
The reagents dl-H2SA2S and meso-H2SA2S were examined for the HPLC determination of uranium together with iron, copper and nickel in mineral ore samples within the range of 18 -700 µg/g. The HPLC results of uranium were compared with the reported values and with values for iron, copper and nickel with FAAS. The separation of dl-and meso-isomers and the effects of methyl and phenyl groups on the relative elution of uranium complexes were established. 
